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ABSTRACT: 

PROBLEM TO BE SOLVED: To conduct switching operation of a 
switch provided at a 

line of a circuit for charging or discharging a 
piezoelectric actuator . 

SOLUTION: A capacitor interruptible from or connectible to 
a DC power source 21 

by switches 22, 4 is provided and charged by a 
predetermined amount of charge 

for charging the piezoelectric actuator 11. When the 
actuator is charged, 

charging switches 52c, 531c are turned on, to close a 
charging circuit 5c of a 

resonance circuit of a series connection of the capacitor 
3, an inductor 51, 
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and the actuator 11. The actuator 11 is charged by a 
resonance operation . 

When the actuator is discharged, a discharge switch 4 is 
closed, a discharge 

circuit 5d of a resonance circuit of a series connection of 
the actuator 11, 

the inductor 51 and the capacitor 3 is closed, and the 
charge is recovered to 
the capacitor 3. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 

DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to a piezo actuator drive circuit. 
[0002] 

[Description of the Prior Art] A piezo actuator is an actuator which the layered product of a piezo 
electric crystal expands and contracts by piezoelectricity effect, for example, is arranged in the injector 
as an object for the change of valve opening of the injector for fuel injection and valve closing in the 
common rail formula fuel injection equipment of a diesel power plant. A piezo actuator is a capacitive 
load and an extension state and a reduction state are changed by the charge and electric discharge. 
[0003] Dr awing 7 shows an example of the drive circuit of a piezo actuator, if the piezo actuator 901 
turns on the charge switch 904, from DC power supply 902, the piezo actuator 901 will charge through 
the current- limiting element 903, it will be elongated, and an extension state will be held if the charge 
switch 904 is turned off. On the other hand, if the electric discharge switch 905 is turned on from the 
state, the piezo actuator 901 will discharge and will be reduced. 

[0004] That with which collects the charges of the piezo actuator 901 and next charge was presented is 
indicated by JP,10-308542,A. The composition of this circuit is shown in d rawin g 8 . In this circuit, a 
buffer capacitor 906 is formed in the latter part of DC power supply 902, and diode 907,908 is 
connected to the charge switch 904 and the electric discharge switch 905 at parallel, respectively. Diode 
907,908 is connected in the direction of a reverse bias to capacitor 902 voltage. Moreover, the current- 
limiting element 909 consists of coils which are inductors. 

[0005] Charge of the piezo actuator 901 repeats turning on and off for the charge switch 904 in the 
shape of a pulse. By the electromagnetic energy accumulated in the coil 909 at the time of ON, the piezo 
actuator 901 is charged by the circuit formed by the coil 909, the piezo actuator 901, and diode 907 at 
the time of OFF, and piezo actuator 901 voltage rises. 

[0006] On the other hand, electric discharge of the piezo actuator 901 repeats turning on and off for the 
electric discharge switch 905 in the shape of a pulse contrary to the time of charge. The energy held by 
the circuit closed with the piezo actuator 901, a coil 909, and the electric discharge switch 905 at the 
time of ON at the piezo actuator 901 is transformed into the electromagnetic energy of a coil 909, and it 
is collected by the buffer capacitor 906 by the circuit formed by the piezo actuator 901, the coil 909, and 
diode 908 at the time of OFF. 
[0007] 

[Problem(s) to be Solved by the Invention] However, it is necessary to constitute a charge switch and an 
electric discharge switch possible [ a switching operation ], and the circuit for switch control is 
complicated in a circuit given [ above-mentioned ] in JP,10-308542,A at the time of the charge and 
discharge of a piezo actuator. Moreover, since there is a switching loss, recovery efficiency is not 
necessarily good. 

[0008] this invention was made in view of the above-mentioned actual condition, its switching operation 
of a switch is unnecessary at the time of the charge and discharge of a piezo actuator, and it aims at 
moreover offering a piezo actuator drive circuit with sufficient recovery efficiency. 
[0009] 

[Means for Solving the Problem] The capacitor which stores electricity a piezo actuator drive circuit by 
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DC power supply in invention according to claim 1, The accumulation-of-electricity control switch 
which intercepts between DC power supply and capacitors after the completion of accumulation of 
electricity while connecting between DC power supply and capacitors in advance of charge of the 
above-mentioned piezo actuator and making a capacitor store electricity for piezo actuator charge, The 
charging circuit which forms LC resonance circuit to which it has the inductor interposed between the 
capacitor and the piezo actuator, and the capacitor, the inductor, and the piezo actuator were connected 
in series, The electric discharge circuit which forms LC resonance circuit to which it has the inductor 
interposed between the capacitor and the piezo actuator, and the capacitor, the inductor, and the piezo 
actuator were connected in series, The charge switch which is formed in the track of the above- 
mentioned charging circuit, and changes closing and Kaisei of the above-mentioned charging circuit, 
and the electric discharge switch which is formed in the track of the above-mentioned electric discharge 
circuit, and changes closing and Kaisei of the above-mentioned electric discharge circuit are made to 
provide. 

[0010] During charge of a piezo actuator, and electric discharge, between DC power supply and 

capacitors is intercepted, a charging circuit is closed at the time of charge, and an electric discharge 

circuit is closed at the time of electric discharge. Since a charging circuit and an electric discharge 

circuit form LC resonance circuit containing the capacitor and the piezo actuator here, charge of a piezo 

actuator and electric discharge can be performed at a stretch efficiently, without switching a charge 

switch and an electric discharge switch. * 

[001 1] In invention according to claim 2, the electrostatic capacity of the above-mentioned capacitor is 

set up smaller than the electrostatic capacity of the above-mentioned piezo actuator. 

[0012] If the resonance vibration in a charging circuit shall carry out freely by considering as this setup, 

a capacitor can take negative voltage. Therefore, the total amount of accumulation of electricity of a 

capacitor can be made to move to a piezo actuator. 

[0013] When the amount of charges of the above-mentioned capacitor is set to 0, the charge means for 
stopping which make charge of the above-mentioned piezo actuator suspend are made to provide in the 
composition of invention of a claim 2 in invention according to claim 3. 

[0014] Since charge of a piezo actuator will stop if the amount of charges of a capacitor is set to 0, it can 
carry out easily by setting up the amount of accumulation of electricity of the capacitor according 
control of the charge of a piezo actuator to the above-mentioned DC power supply. For example, it is 
correctly controllable by capacitor voltage. 

[0015] In the composition of invention of a claim 3, the 1st diode which the above-mentioned charge 
means for stopping are connected to the above-mentioned capacitor at reverse parallel, and forbids the 
negative voltage of the above-mentioned capacitor, and the 2nd diode formed so that the charging 
current of the above-mentioned piezo actuator might serve as the forward direction on the track of the 
above-mentioned charging circuit constitute from invention according to claim 4. 

[0016] The negative pressure of capacitor voltage is prevented by the 1st diode at the time of charge of a 
piezo actuator, if a capacitor becomes empty since the current which flows backwards from a piezo 
actuator to a capacitor with the 2nd diode was forbidden when capacitor voltage is set to 0 namely, 
charge of a piezo actuator will stop automatically and the state will be held. 

[0017] In invention according to claim 5, in the composition of a claim 1 or invention of four, diode is 
formed so that the discharge current of the above-mentioned piezo actuator may serve as the forward 
direction on the track of the above-mentioned electric discharge circuit. 

[0018] It can avoid without depending on the Kaisei operation of that a piezo actuator charges again and 
develops of an electric discharge switch, since the current which flows backwards from a capacitor to a 
piezo actuator with diode at the time of electric discharge of a piezo actuator is forbidden. 
[0019] In invention according to claim 6, the above-mentioned inductor which forms the above- 
mentioned charging circuit, and the above-mentioned inductor which forms an electric discharge circuit 
consider as common composition in the composition of a claim 1 or invention of five. 
[0020] The number of parts can be reduced by making an inductor common. 
[0021] In invention according to claim 7, the above-mentioned inductor which forms the above- 
mentioned charging circuit, and the above-mentioned inductor which forms an electric discharge circuit 
consider as the composition of another object in the composition of a claim 1 or invention of five. 
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[0022] Since the inductance of an inductor specifies the size of the charging current in a charging circuit 
and an electric discharge circuit, and the discharge current, charge speed and electric discharge speed 
can be set up independently. 

[0023] In invention according to claim 8, the electrostatic capacity of the above-mentioned capacitor is 
set up in the composition of a claim 6 or invention of seven smaller than the electrostatic capacity of the 
above-mentioned piezo actuator. And the residual charge electric discharge switch which changes 
closing and Kaisei of the circuit which bypasses the above-mentioned capacitor through the above- 
mentioned piezo actuator and the above-mentioned inductor is made to provide. 
[0024] The electrostatic capacity of a capacitor and a piezo actuator is set up like the above, and it 
becomes movable to a piezo actuator about the total amount of accumulation of electricity of a 
capacitor. And if the charge which remains in a piezo actuator at the time of piezo actuator electric 
discharge moves to the inductor of an electric discharge circuit and subsequently carries out Kaisei by 
closing the circuit which bypasses the above-mentioned capacitor, they are collected by the capacitor in 
an instant and can raise recovery efficiency further. 

[0025] In the composition of a claim 1 or invention of five, the above-mentioned inductor which forms 
the above-mentioned electric discharge circuit constitutes the inductor which constitutes the above- 
mentioned charging circuit by the transformer used as a secondary coil from invention according to 
claim 9. 

[0026] At the time of electric discharge, since a capacitor and a piezo actuator join together through a 
transformer, recovery to a capacitor can be performed, without a residual charge arising in a piezo 
actuator. 

[0027] In invention according to claim 10, a current-limiting element is prepared in series between the 
above-mentioned DC power supply and the above-mentioned capacitor in the composition of a claim 1 
or invention of nine at a capacitor. 

[0028] Since the current from DC power supply to a capacitor is restricted in case accumulation of 
electricity for a piezo actuator drive is performed to a capacitor, degradation of accumulation-of- 
electricity control switches etc. can be prevented. 
[0029] 

[Embodiments of the Invention] (The 1st operation gestalt) The composition of the piezo actuator drive 
circuit of this invention is shown in drawing 1 . This piezo actuator drive circuit drives four piezo 
actuators 1 1, 12, 13, and 14, and shows what was used for the above-mentioned common rail formula 
fuel injection equipment of a 4-cylinder diesel power plant. 

[0030] This piezo actuator drive circuit is equipped with the DC-power-supply 21 grade which supplies 
electric power to the capacitor 3 holding the electrical energy for 1 1 to piezo actuator 14 drive, and a 
capacitor 3. DC power supply 21 consist of a battery, a DC-DC converter, etc., and impress the voltage 
of the size of dozens - hundreds V to a capacitor 3. The applied voltage to a capacitor 3 is positive 
pressure. A capacitor 3 is each electrostatic capacity of the piezo actuators 11-14 whose things which do 
not almost have the temperature dependence of electrostatic capacity, for example, a film capacitor, are 
[ in / a service-temperature region / it is desirable and ] CI and a capacitive load about capacitor 
capacity C2 It carries out and is CI <=C2. What was set up so that it might become is used. 
[0031] While the diode 6 for negative pressure prevention mentioned later in parallel is connected to a 
capacitor 3, the energization path changeover switch 4 which is charge path diode 54c and the 
discharge-starting switch by which parallel connection was carried out is connected in series. The diode 
6 for negative pressure prevention is connected in the direction of a reverse bias to a capacitor 3, and 
charge path diode 54c is connected in the direction of forward bias to a capacitor 3. 
[0032] Between DC power supply 21 and the capacitor 3, the accumulation-of-electricity coil 23 which 
are the accumulation-of-electricity control switch 22 and a current-limiting element is formed in series, 
and diode 24 is formed in the direction of a reverse bias at DC power supply 21 . When the 
accumulation-of-electricity control switch 22 and the energization path changeover switch 4 are ON, 
electric power is supplied by the capacitor 3 through the accumulation-of-electricity coil 23 in the 
meantime from DC power supply 21 . The overcurrent at the time of capacitor 3 electric supply is 
prevented by forming the accumulation-of-electricity coil 23, and degradation of accumulation-of- 
electricity control switch 22 grade is prevented. 
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[0033] Between the positive-electrode side edge child of a capacitor 3, and the positive-electrode side 
edge child of each piezo actuators 11-14, charge switch 52c by which parallel connection was carried 
out, electric discharge path diode 54d, and the coil 51 which is a current- limiting element are connected 
in series. The switches 531c, 532c, 533c, and 534c for selection and the electric discharge path diodes 
551d, 552d 5 553d, and 554d with which parallel connection of the negative-electrode side edge child of 
the piezo actuators 1 1-14 was carried out, respectively are connected. The switches 531c-534c for 
selection and the electric discharge path diodes 551d-554d are formed every piezo actuator 11-14. 
[0034] If the switches 53 lc-534c for selection connected with the piezo actuators 11-14 which it is 
going to elongate at the time of charge are turned on Charging-circuit 5c is formed by charge path diode 
54c, a capacitor 3, charge switch 52c, the coil 51, the selected piezo actuators 11-14, and the switches 
531c-534c for selection switched on. The piezo actuators 11-14 chosen from the capacitor 3 charge, and 
the piezo actuators 1 1-14 develop. 

[0035] On the other hand, if the energization path changeover switch 4 is turned on, 5d of electric 
discharge circuits will be formed by electric discharge path diode [ corresponding to the piezo actuators 
1 1-14 in an extension state ]d-554d, piezo actuator 11-14, coil 51, and electric discharge path diode 54d, 
the capacitor 3, and the switch 4 for an energization path change, a charge will be discharged from the 
piezo actuators 1 1-14 of an extension state, and the piezo actuators 11-14 will be reduced. 
[003 6] Moreover, a node (a coil 51 and electric discharge path diode 54d) is grounded through the 
switch 7 for residual charge electric discharge, and a closed circuit is formed by 551d-554d 
corresponding to the piezo actuators 11-14 with which the charge later mentioned at the time of ON of 
the switch 7 for residual charge electric discharge remains, the piezo actuators 11-14, the coil 51, and the 
switch 7 for residual charge electric discharge. 

[0037] On-off control of each above-mentioned switches 22-7 is carried out by control sections, such as 
a microcomputer which is not illustrated. 

[0038] The operation of this piezo actuator drive circuit is explained. Drawing 2 is a timing diagram 
which shows operating states, such as each part of a drive circuit. Before expanding the piezo actuators 
1 1-14, it stores electricity a capacitor 3 beforehand. The energization path changeover switch 4 is turned 
on first. The pressure-lowering chopper circuit which consists of DC power supply 21, the 
accumulation-of-electricity control switch 22, the accumulation-of-electricity control coil 23, a capacitor 
3, and an energization path changeover switch 4 is closed by this, and, subsequently the voltage of a 
capacitor 3 rises by repeating and switching the accumulation-of-electricity control switch 22. Switching 
operation will be stopped if the voltage of a capacitor 3 reaches the predetermined value VI (restored to 
the state of switch-off). Thereby, a capacitor 3 stores electricity the charge of the specified quantity. 
[0039] If it becomes the timing which elongates the piezo actuators 11-14, selecting-switch 531c 
corresponding to the piezo actuators 11-14 (this is hereafter explained as a piezo actuator 11) which it is 
going to elongate is turned on, and, subsequently charge switch 52c is turned on. Thereby, charging- 
circuit 5c which consists of charge path capacitor 54c, a capacitor 3, a coil 51, a piezo actuator 1 1, and 
selecting-switch 531c is closed, charging-circuit 5c — LC resonance circuit - it is — this time — CI 
<=C2 it is ~ since ™ the maximum of the amount of charges of the piezo actuator 1 1 can be given to the 
amount of initial charges of a capacitor (the above-mentioned amount of accumulation of electricity) by 
resonance operation And by a negative pressure prevention operation of the negative pressure 
prevention diode 6 and reverse current prevention operation of charge path diode 54c, the charge 
defluxion from a capacitor 3 stops, when the amount of charges of a capacitor 3 is 0. A deer is carried 
out, and all of electrical energy CI VI 2 / 2 accumulated at the capacitor 3 will move to the piezo 
actuator 11, and will stop in the state. 

[0040] The piezo actuator 1 1 is elongated with movement of a charge to the piezo actuator 1 1 , and if all 
of electrical energy CI VI 2/2 accumulated like the above at the capacitor 3 move to the piezo actuator 
11, since movement of a charge stops like the above, the piezo actuator 1 1 will hold an extension state. 
Subsequently, Switches 52c and 53 lc are turned off. 

[0041] If it becomes the timing which reduces the piezo actuator 11, the energization path changeover 
switch 4 is again turned on so that it may be shown in the second half of a timing diagram. Thereby, 5d 
of electric discharge circuits which consist of diode 55 Id, piezo actuator 11, coil 51, and electric 
discharge path diode 54d, a capacitor 3, and an energization path changeover switch 4 is closed. Since 
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no less than 5d of electric discharge circuits turns into LC resonance circuit, the piezo actuator 1 1 
discharges by resonance operation of 5d of electric discharge circuits, and the charges of the piezo 
actuator 1 1 are collected by the capacitor 3, Also in this case, only the current of the charge recovery 
direction where current of the 5d of the above-mentioned electric discharge circuits is specified by the 
electric discharge path diodes 55 Id and 54d is permitted, and movement of a charge stops after fixed 
time. Since it is avoided that the piezo actuator 1 1 charges again and develops by this, Kaisei of 
selecting-switch 531c etc. does not need to open 5d of charging circuits, and it is not necessary to forbid 
the recharge of the piezo actuator 1 1 , and there are few control burdens and they end. 
[0042] CI <=C2 [ in addition, ] it is ~ since — the time of charge — differing -- the piezo actuator 1 1 — a 
charge — CI and C2 It responds, and although it remains, if the residual charge electric discharge switch 
7 is turned on, the above-mentioned closing circuit which consists of electric discharge path diode 55 Id, 
a piezo actuator 1 1, a coil 51, and a switch 7 for residual charge electric discharge will be formed, and 
the electrical energy of a residual charge will be transformed into the electromagnetic energy of 
Subsequently, if the switch 7 for residual charge electric discharge is turned off, and the electromagnetic 
energy accumulated at the coil 5 1 will be momentarily collected by the capacitor 3 and will remove a 
lost part in very few coil 51 grades, the electrical energy supplied to the piezo actuator 1 1 is altogether 
recoverable to a capacitor 3 efficiently. 

[0043] Thus, in this piezo actuator drive circuit, a capacitor 3 is intercepted with DC power supply 21 
after the completion of accumulation of electricity, and charge and electric discharge can be performed 
at a stretch, without being based on the switching operation of a switch by charging-circuit 5c which is 
LC resonance circuit containing a capacitor 3, a coil 51, and the piezo actuator 11, and 5d of electric 
discharge circuits. And the charge collected to the capacitor 3 can be reused as energy when expanding 
the piezo actuators 12, 13, and 14 next time, and power consumption can be saved. 
[0044] In the extension of the piezo actuators 12-14 which carries out a deer and is performed 
continuously, already, since the collected electrical energy is accumulated, charge of only the 
insufficiency (part which does not reach the capacitor voltage predetermined value VI) of the charge of 
a capacitor 3 is sufficient for switching of the accumulation-of-electricity control switch 22, and charge; 
of a capacitor 3 is promptly completed to it [ 3 ] Extension and reduction of the piezo actuators 12-14 
are performed like the timing diagram first portion after completion. 

[0045] (The 2nd operation gestalt) The composition of the piezo actuator drive circuit which becomes 
the 2nd operation gestalt of this invention at d ra w in g 3 is shown. It is what prepared the coil separately 
in the composition of the 1st operation gestalt shown in drawing, 1 in the charging circuit and the electric 
discharge circuit, and among drawing, since the portion which attached the same number as draw ing 1 
carries out the same operation to the 1st operation gestalt substantially, it is explained focusing on 
difference. 

[0046] If the selecting switches 531c-534c corresponding to the selected piezo actuators 11-14 which it 
is going to elongate are turned on, charging-circuit 5 Ac will be formed of a capacitor 3, charge path 
diode 54c, charge switch 52c, charging-current-armature 56c, the selected piezo actuator 11, and 
selecting switches 531c- 5 3 4c. Charging-circuit 5 Ac turns into substantially charging-circuit 5c of the 1st 
operation gestalt with equivalent LC resonance circuit. 

[0047] On the other hand, ON of electric discharge switch 52d forms electric discharge circuit 5Ad 
which discharges the charge of the piezo actuators 1 1-14 of an extension state by electric discharge path 
diode [ corresponding to the piezo actuators 11-14 of an extension state ]d [ 551 ]-554d, above- 
mentioned piezo actuator 1 1-14, 56d [ of discharge coils ], and electric discharge switch 52d, electric 
discharge path diode 54d, and the capacitor 3. Electric discharge circuit 5 Ad serves as substantially 5d 
of electric discharge circuits of the 1st operation gestalt with equivalent LC resonance circuit. 
[0048] It will be the timing diagram which shows the operation of this piezo actuator drive circuit, and 
the charge of the specified quantity is accumulated by switching of the accumulation-of-electricity 
control switch 22 at a capacitor 3, if dr awing 4 turns on selecting-switch 531c and charge switch 52c 
corresponding to the piezo actuators 1 1 - 1 4 (it explains as a piezo actuator 1 1 hereafter) which it is going 
to elongate, charging-circuit 5 Ac will be closed and it will be charged by the above-mentioned piezo 
actuator 1 1 , so that it may be shown in the first half of a timing diagram 

[0049] On the other hand, if electric discharge switch 52d is turned on so that it may be shown in the 
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second half of a timing diagram, electric discharge circuit 5 Ad is closed, and the piezo actuator 1 1 will 
discharge and will be collected by the capacitor 3 . 

[0050] Here, since charging-current-armature 56c and 56d of discharge coils are current-limiting 
elements, they specify charge speed and electric discharge speed according to the inductance, 
respectively. Therefore, with this operation gestalt, charge speed and electric discharge speed can be set 
up independently. 

[0051] In addition, recovery of the residual charge of the piezo actuator 1 1 is performed like the 1st 
operation gestalt by turning on and off the residual charge electric discharge switch 7. 
[0052] (The 3rd operation gestalt) The composition of the piezo actuator drive circuit which becomes 
the 3rd operation gestalt of this invention at draw ing 5 is shown. It is what considered the charging 
circuit and the electric discharge circuit as another composition in the composition of the 1st operation 
gestalt shown in drawing 1 , and among drawing, since the portion which attached the same number as 
drawing 1 carries out the same operation to the 1st operation gestalt substantially, it is explained 
focusing on difference. 

[0053] Charging-circuit 5Bc which charges the piezo actuators 1 1-14 forms equivalent LC resonance 
circuit substantially with charging-circuit 5c of the 1st and the 2nd operation gestalt, and 5 Ac by a 
capacitor 3, the secondary coil 572 of the transformer 57 mentioned later, charge path diode 54c, charge 
switch 52c, the selected piezo actuators 11-14, and selecting switches 531c-534c. 
[0054] The electric discharge path diodes 551d-554d corresponding to the piezo actuators 11-14 of an 
extension state in electric discharge circuit 5Bd, The upstream circuit closed by piezo actuator 1 1-14, 
upstream coil [ of a transformer 57 ] 571, and electric discharge switch 58d, Electric discharge path 
diode 59d which specifies the direction of current at the time of electric discharge of the piezo actuators 
11-14 in a row, the above-mentioned transformer upstream coil 571 and electromagnetism — it is 
constituted by the secondary circuit closed by the above-mentioned transformer secondary coil 572 and 
capacitor 3 which aie combined-like, and LC resonance circuit is formed > ^ ? m k 

[0055] It will be the timing diagram which shows the operation of this piezo actuator drive circuit, the 
charge of the specified quantity is accumulated by switching of the accumulation-of-electricity control 
switch 22 at a capacitor 3, if d rawi ng 6 turns on selecting-switch 531c and charge switch 52c 
corresponding to the piezo actuators 1 1-14 (it explains as a piezo actuator 1 1 hereafter) which it is going 
to elongate, charging-circuit 5Bc will be closed and it will be charged by the above-mentioned piezo 
actuator 11. 

[0056] On the other hand, if electric discharge switch 58d is turned on, the above-mentioned upstream 
circuit of electric discharge circuit 5Bd will be closed, current will flow in the transformer upstream coil 
571, and current will flow in the above-mentioned secondary circuit by the induced voltage generated in 
the transformer secondary coil 572 by guidance operation. A deer is carried out, and the piezo actuator 
1 1 discharges and are collected by the capacitor 3. 

[0057] Each above-mentioned operation gestalt with in addition, the negative pressure prevention diode 
connected in parallel with a capacitor and the charge path diode connected in series in the charging 
circuit Although all the energy that the charging circuit stopped and was held like the above at the 
capacitor serves as energy control, such as moving to a piezo actuator, when capacitor voltage is set to 0 
When the detection system of capacitor voltage is used and capacitor voltage is set to 0V, it is good also 
as composition which turns off a charge switch, and it becomes ******** control in this case. 
[0058] Moreover, it is also good to set each above-mentioned switch to a bipolar transistor or FET, and 
to consider as the composition to which controls a base current and a gate voltage and current limiting is 
applied. 

[0059] In addition, although this operation gestalt showed what was applied to the common rail formula 
fuel injection equipment, this invention is applicable to other uses which use a piezo actuator. 
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t f zmkmizmm$ti±mxy?>vconnK$:mjki-& 30 

m 1 ?>^f k k . iiB^mm^^^^ilEexy 
[ 5 ] m$m 1 ^ l 4 v rfti&9 atoexy 

T^f-^x-^WWgUfcBi^. JJfiKmiHM5^«^ 
fe: _blB trxyr ? ^ ax- * iOlWSSI^JeSrfil fc * h 

Xoi/zy^ k trx*/r ^x-^i^um 

[BWW6] il^l*V^L5V^W3&«lte)tfx-/ 40 
ft. 

[SS&f 7 ] ft 3<3S l^L 5 v^iVt3&»aa^tr xy 

ft. 
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T^fax^ ^fflBEHRtefevve. ±iiayfy*}-<?M 
mt£JtiBt?xVT ?f A x-^^B|»lJ: 0 *>/h 
3<K5EU JJBtx/7?fAX- ^fc±S>f 

Tf^^-fw&mmiz&^x. tttf&mwB&Bm* 

[fS*« 1 0 ] m^m 1 3rv* L 9 vvfftj^lMfcotrx 

VT?^^-$wm®mz&^x, jjeiissmaikJi 

[000 1] 
[0002] 

[«5fe?9jSS] exy7;faX-^(iEl*C0»I* 

tf&nMmzk*)wmthT?^^~- ?x\ 

t -f -^xy^vcori^y^-;^^ieil^m^ 

f-.xx-^iiwstt^m^'C&o. ^tfoasBStiwttr 

[0003] H7litxVT^^ AX^iO»aigBio 

~-m^^ti>(ox\ b'xvr^^^x— ^9 o i«i. ?e 

^X>f ^yf - 9 0 4 >i"& tfSiS9 O 2 *»&SSE 

*JRBS : ?9 0 3^LTtfxyr^f-^x— ^9 0 Itr 

0 5 tt>~?h k exyr^f-jLX— ^ 9 0 1 ii:Sfc€L 

[0004] ^^Fl 0-3 08 54 2-9^«fcli, tT 
xVT^fAX-^ 9 0 1 <^>S»SrliIJRtTa:iacO*S 

HBtfMM^Srto Z<mKVii. S8BSSH9 0 2 <?5tt 
Bfc^^ *y 77^ yf>f9 O 6 ?ESx>f 
^9 04. JHtX.-f 0 5 Ktt*^-f*l*5!lt:^-f 
*-K907, 9 0 8}&%R3^TV^, ^ K9 
0 7, 9 0 8iia>^yif9 0 2mffitc*rtTii^-fr 
XJ6T|fi!fcJftB[S*L& # ifc. *aWRSI»9 0 9144 >- 

[0005] trxyr 9^ 9 0 1 

*4 v^9 04%sV\sxmz^y^y&mK>Mrf<> 

mzuj >\s9 o 9 izwm L^mftaxL ^;p^ r - iz x o . * 

7^:^/^9 0 9, tfXVT^f-jtX— ^9 01. ^ 
4^~— K9 07W 0 imztli J: 9 tx/7? 
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3 

tooo6] — A\ o i ^Scm 

l s rJ-f^9 0 9i>itXJS®^-f 05Xffl$L$tl 

zmmzi: *) . exvr^fax^^ 901 (c^^tt 
fcx^wf— 3Vr?>f ;i^9 0 9 wnm^^-iz^mz 

*U yf?mz^ exVr^faX^9 0 1, r?>f;P9 
0 9 *> Xtf?J K 9 0 8 £ J; 97lM£ix& J; 10 
DA* 7 7T3yf>f9 0 6fclHJK3*L£ 0 
[0007] 

m^io-30854 2^&$mmco®$&x^ if xy 
& <n?mmmi&f L i> J: < # v ^ 

[0008] *«WI±JJK8« fcaB^3*ifcfctfVC. 
[0009] 

ww&&^yfyy-k. _hiab o xvr^^^x— jam 

k fc £m^ft£B»BH k a yfm olffl t i«K 

1*\ y^^^i^^x/r^f ^x^^^jcg 
MZtitzLcm&®ffi$:B^&3mmmh. ay^y 
y-k ^^VT?^^-?k<nmzim%titz4 y¥$ 

fZ^L^yfyy-^ Jyr??&xwxs/T?^JL 

^-ftmmzmwtztifzL c^mm^mm-^ mm 
wffit. Mttmmm&muiz&n^ti±ittwmmco 

3&<ommzm'tt>tL±tmm®m)m&Lk mut *w*) 

*i*a«X>f yf-fc*»fiW:L«>i. 40 
[0 0 10] \Z^T?^*3>-fW3E^&£tmM 

wm^w&k^y^y^kcomimmzti. ymmz 

^iT*wg». ncmmmte^yfyy-k^JiYT 
?i~^-?k£&&tzLcmmffi%B^&co7:. 

[ooii] ii^2S^>«w«4. ±ia^yT>-^ 

c0#^i^±IBb o xVT^ ?*.xx— * ^)ff Sg* J: 0 50 
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[0012] 36»36»-6f6£i:^-SC: kT. jESHBfcBJt 
S£ t u xV7 ? ^ ^ x- ^ ItZ&mit Ltf>&^ ktfT% 

[0013] wmm3wmco¥kw?i±. m&m2co$tw 
commz&^x^ AM^y?y^<nmffim&ot,z%:z>k 

[0014] n >r>V0MfiiM&O£%:& k trxyr 

^«S£^^&<IkT^£fiM#& & #8£J£r?y 

[0015] mrntAtmcomivte. mors ami 

ftffimz&^X^ JJ£CT*jL*H*. IMZzty^yy- 

izmimzim$ti±m^y?yr<nnwfc : £m±tz> 
fti^-f^-Kfc. ±ie^mi«iB<^^K^±ieexy 

tifc»2 tfD^ v k xffi&ttz . 

[0016] tr/7?fax- ^iO^SSfiffefeV^T. 
=5:^ k giftW^tfxVT^f-^x-^o^^ff^L^ 

[0017] mgsm 5 K»o«BBTtt. m^m i^l 

4<?>micommz&^x . ±Mmmm$&<nmmz±mv 
^YT?^^-?coimwffimwz5mk&&£oizy 

[ooi8] trxvr^^^x— ^^jscS^^v^t. 

[0019] a&*ffi6iMto»w«4. it^^i ^^t 

^ k^0SS£?lM-r& JJE-f ^ k^ 

aco«^k-r^. 

[0020] 4>y??£imti-&zkTU$iM$:l& 

mt&zk&x^&o 

[0021] mmi m&comi?&. wmm i^l 
5<?>micommz&^x, iM^mMmmm-^a 

ib<om$tk^-&. 

[0022]^ $<r>A yy? 9 yM£3tm®$&. 
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[0023] m^&smp&tmvti* mime ttzi± 
[0025] »a»9»Bbwflwrci4. msm i t 

Sin >f ;p fc b ^ yxtMtS . 

[0026] ftSWfctt. 3 yfy^t to/T^f^. 20 
[0027] fftj&E 1 oaa^OjfiSBrtt. »«« 1 

l 9<nwn<mmzn^x . ±3BB$g*Kb±x=* yf 

[0028] 3>"r>*)-l,Z}z a ^yT7 ~1~^-?MW)ffl 
[0029] 

iwmmm<mM\ (mi mmm) m nz^mm 

T^f^x-^Ki*0l8^4 o<7)txyr^fax-^ 

11, 12, 13, 14&lgi!rt&£><7>T\ «i»f4« 

m^fj -&teyi;y&±i^*yu—?i^mm8m 
[0030] ^exrr^f-^x-^^ismg&ii^ ex 

VT?f*x-^ 11 — 14 BjlOtMx^K-$: 40 

&firf £ n y fy^r 3 . ayfyt3 WSiM 

W±£^y?yy'3izWMt&« ^yfy^3^\comw 

ft«rcftSb , xv f r^^x— ^ i i-i4^sis 
ffiffl-r^o 50 



[0031] n^r^3 fcttMflC«^*fl£0»jt 

affRgihffl^ f s it? yf y*r 3 izn lx 

?yy3 izMLxiwu T&smzmw&ii& . 
[0032] w&mm2 i fc3yf/t3 1 comu±m 
mmm^ ^2 2&&ttwsmimmi L xh&mn^'( 
)V2 3imn\izmyxh v ) . s^m® 2 1 izwu tx 

# lUfc^W K 2 4 2&«iWrt * & . #»$JfflU-f * 

y^3to&m£fU>o ^a>f/W2 3£l£H-&£fcT'n 
y^>^3*&«^c^mS£^l»±L#^lffllX>f *y^2 
2^<^Mfc£B&iirr£ i 3 ^otl^ . 
[0033] ^y^y^3(7fiEmW^h&\?3^fY7 
f~^.X-^ 11-14 c7)iEffiWg^fc ^^fi. M¥\ 

k 5 4 d t . «sannR7r£ & n-f 4- 5 1 1 &m 

IU^o t?xyr^^x~^i 1 — i4^fiSM 

lc, 532c, 533c, 5 3 4 c „ JfcHMK^ 
-K551d, 552d, 553d, 554d^i?L 
TS>^. Mffl^7f531c-534c, WBSm 
y^X— H5 5 1 d-5 5 4d^#tfxVT^f-^x— 

* i i—i 4rfc^t^>ti^. 

[0034] ^m^idi^^LJ: 3 h-T^ t'xVT^f 

ax^i i— lAtm&ztifrmsim^ 7f53i 

c-534cUVtl.t. K54 

M^^tx/T^fax^^ 11 — 1 4i>J:tX^V 
L^MRffl-X-f 7f5 31c-534cj:J: 0^H1M& 

^f^x-^l 1 — 1 AttZfimZtlZcOV^fT?^*. 

x— ^ li—i 43&w*-r*, 

[00 3 5]—^. ®m^«U9^;t-X-f *y^-4^^V 

#Hiaitfcsex/7^^x^ i 1-1 

4t=»JE^-*JWa»^>f *-K5 5 1 d-5 54 d. 
b°X-/T^f*xX-^ 1 1 — 14. =M>V-5 1. SitlS 

S&^^--K54d. ay7y^3&£xmw$m$)K> 

mm^ >y^4t3± osscmms&5 d^qfem^ix. w« 

4fc®cofc°xyr^^x-^i i—l4**fe«fif£-ft* 
LexV7?fj.x-^ 11-14 *«/Jvt& * 
[003 6] tfz, 3-f;^5 1tSfe^SI^^-F5 

4 d t vmm}&m#m*imm^ v * 7 Lxm 

S«ffiW5#LTV^ex-/r^^x-^l 1-14 
fcStJE^"^ 551d-554d. bX/7^f-iX-^ 
11-14. 3>f;U5 lte±t^SG«KSfc«fflX-<yf" 



7 

7fcJ:0B!EW3WB*S*LS. 

[0 0 3 7] JJfrgoU>y^2 2— 7te. B*L«t*v? 
>f ^nr?ye A — D^V^^Sflffll^ix 

ffl^^WS;t;^yf-4£:+;x^& 0 .riiwi 

nVxy^*3^m J E^±#LTtKo r?>xyif3^S 
[0039] VX.Vy?<f-a.J>-9 11—14 

^x-* 1 1-14 (kit. ^Mtxyr^f^x^ 

* 1 1 k LXWffl-?& ) tc^r«^-^^Kx-Y 7f53 1 

a-f l . trxyr^^x-^ 1 1 & j;tf3HtJW 

^y^53 1cJ;i9^^«lllK5c*^§^ 0 3fc« 

ot\ SiBf^lB^cfcoexyr^^^x-^i ico«^f 

«^jhflUHfcJ:D. ny^y^33&^com^fg£a53&\ 
nyf r >'1?-3O^M^0ci0^jt^. L^LT. a 

yf>t 3 fcr^fg § *lt v ^mMx^;i^~- C 1 VI 2 

/2^^T#lfxy*T^.*x^l lfcr^iftL^ 
[0040] txVT^'f- jlX— ^ 1 1 ^^S^fcO^ift 
<r?yry^-3^^§fL*C^fcSMx^^f— Cl V 

1 2 /2^<r^b o xyr^^jxx^^i uzmmt 
h t . ex/r^ ^ ^x— ^ 1 1 (i:±iBc7)r t < 

[0041] ttVT^f^x^^ l l £»Jv$-& 

^4 K 5 5 1 dk txvT^f A x-^ i i, 
zJJtUS K »CS^S^^-H54d. nyfyf 
3. a^J5WD^X>f >yf*4^&£;SS^[I|g&5d 

A^fe. ScS[Hi?&5d^iyi^ffl(cj:0h o xrr^^^x 
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— 9\ lasjfceu exyr^f ax«-^ i ico^s?^ 

domggii. ScmjS^-f H 5 5 1 d, 5 4dCi 

^f^-^ i i imvxxLxwmm: t%mwz 
ti&cox\ gsRx-f ^531 acom^m^x *)jmm 

10 [0042] 3r£i. CI ^C2 £:<?>T\ ^^SkM^D 

tfxvr^^-^x— ?i ittt«fifa*ci , C2 ^jct 

WMS&rJ *-F5 5 1d, b°x/7^f^x^^ 1 
1. ^/P5 1BJ:t^#^rKffifflx>f >y^7Ti8^ 

£ tL& ±mm&mm^m^ tix s#^tax^i/ 
i izwm^tifzmm^^-ibmmm^ y^fy^-3 

20 BfcWf exV7^f A x-^ i l J:ffi|&$^^lMx^ 
[0043] zcoXolz^ *exWfax^ ^SElft 

ms&m. 3yfyf3^^TS, ussier it 
x-* 1 1 £^t? Lc*m®nx~$>&ftmm$&5 c . & 

^3fcH!Jt5lL^^r^iJail. txWfAi- ^1 
30 2, 13, 14^ffS$^R#cox^;^— ^LTSfU 

[0044] L^UT. »^Ttr*>*lS^VT^^ 
x-^i 2— 14<?>#^T1i:. fit(cr?y-r>-^3^. HI 

|«U-f *y^2 2c?)X>f ny-r>-^3c05t€ 
M<WJ&* (n^^i^E^^vi »3*L=SrVv») 
^^mTJg. 0 . aS^H^a >^ 3 cO^Sii^T 

r^^^x-^ 1 2-1 A<ow&tM^t&'fii~>iiz><, 

40 [0045] (^2^^^) S3tC*^^2^ife 

hi K^Lfc* i mmmcomm^^xmnmu 
hwmmmtxzij}\s£fflx! l zmi'tzi><7)x^ a*, h 
i tmt^^nLtz^mmimmBmtmmm^n 

[0046] »l3ft3tH*ftL <fc o fc-T* trxyr^f^ 
^x-^ 1 1-1 4^*fK^M^X-f 7f53 1 c- 

50 ^lf?$^tfxyr^f-^x^^ l ifc J:t*gHRx>f y 
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^53 1 c-53 4 ettZZVJmMBS Acim&Ztl 

Wfi^fficoifxy'T^f-^x-^ 1 1 — 1 4(^JEt~^ 
Wmm^J ^K551d-554d, ±£tfxy*r 
:?f^x— 9\ 1-14. M3^f^5 6d. BSx-f 
7f5 2d, JSmMS&r-f^-F54d. n^>-^3 
fcri: 9. WM^®^ b°xy T ? A x- 9 1 1-1 4c?) 

5 a dim i mmmmcr>ig(mms& 5dt 2&mtzm&> 

[ 0 0 4 8 ] H4 t£fcbrxy T^jlX— ^J^t&@J&<7) 
fB&£**-*-f Af^-hT, MfT^fc* 

tStxV7^fiX-^l 1 — 14 (JSIT. tfxVT 

a c^ph^s^xt Jiieexrr^^jLX-^ 

[0049] — J5u ^ A^-r- «t 3 fc. 

^X>f^^52d^^^^fcJfcS[5li&5Ad^W 
3;fiTexy*T?^x— ^ i nmMLayfy^3 

[00 50] M^^5 6c, ffi^a>f^5 

[0051] tfxVT^f^^x-^ 1 lc^)g|#m 
/^7 £ ^y^-y <r fc.Ttf3b#ti . 

[0 0 5 2] (lg3SI«^) 05^*%H8O»3»S 

Hi^t^i»»M^^fev^T^a:[iis& 

%^&c0X^M£.%*>blzmmtZ>« 
[00 53] Ifxyr^f^jLJ:-^ 1 1 — 14*3»t 

7^-&»3-f/^5 7 2. 5t^K^>f^-K54c v 

1 1— 14fcJ:#IIJJ?X>f >yf53 1 c-534c{:j: 

9. ®2nstegso3tmigK5c, sac^m 
mizmmco l c ftig0j&£0j£ t x v ^ . 

[0054] JS«M5 b djittfijwotrxyr 

*x— *i 1 — 14^JE5^i8c^^^^-K5 5 
Id— 5 54 d. ^t'xVT^f-AX— ^1 1 — l 
4. h^VX5 7<?0— #ffl:3-f^5 7 l&XZfiWmxJ 



1 0 



-/^5 8dtrKtfE3*i&-^ Z&lflzV^fT 
7^r^—9 1 1-1 4^Jfcm^^^r|p|^SS-r^ 



5 7 1 



7 2Bit<ny^>^3T'H^^-^ffl!llllJSfcJ: 0 
[0055] B6li*bXVT^f^x- $Wmm&V> 



io 3*u ftgLi:3^«exy7^fax^i i— i 
4 (KIT. fxyr^^^x— ^ lit UatfS ) 

2 c &*y-t t . 5Bc tmfczta: jttet: 
x/r^fax-^ 1 1 izjtmztih 0 

[0 0 56] — 3u JftttX^y^Sd^^&fcJfc 
HHIiS 5 B d ^±fB-»:ffl!lll|^ffl^$^T h 7 
&»3>f^5 7 1 KttffififfiEfu mm^MizX 0 

x—adtta^s 7 2 izm^^mmtEtzj: vjmz 
20 ^ i i^mLnvx^stcmiR^tL^. 

t mm izmm z tL*nfc'mmyj ^-rtizx*)^ ay 

^;ix^f-^^T b°x ^ ^ ,x x- ^ t ^ . ^ 

[0058] ±IB«.X>f y ^Jjy^ tK-^ b 5 V 
[0059] ^IcsaigKIBBia^ vi^— ;WM6Hi« 

[01 1 *56W^lSBt^fc*Sexyr^^j.x 

[02] ±m^YT^^^x.^mmm^cr>im$^ 

[04] ±ISb°xyT^^^x-^|^|il|So#i&^ 
*$9AJ>frv— YX:foh» 

[05] **»H^ 3 & * ^f^x 



50 ^$Aj>fr-r—yx:hh» 




1 1 

11, 12, 13, 14 b°xV7^f^x^^ 
2 1 

2 2 SMMNU'f^ 

2 3 «S»l»rK7l, 

24 r>f^~-K 10 

3 n yfVt 

4 a*t£S&W9#;tx^y?- 
5c, 5 Ac, 5Bc 

5 1 a-f/l^ 

52c **X>f^ 
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1 2 

531c, 532c F 533c, 534c Mif?X-f * y 

54 c 3t^MS^^-F 

56 c ^Wfc?^ 

57 1 -aSto*^ 

5d, 5Ad, 5Bd %MmS& 
52d, 58d JfefX^f >/f 

54 d tscmm&rjj'-F 

551d, 552d, 553d, 554d, 59d M 

56 d tmm^4)v 

57 h^>-X 

7 ^«^fScmx>f y ^ 



[01] [07] 




5c 



[H2] 



[04] 




^752d«l 

tinner 



*fsf 7531c© 



ttSW?3HHltf> 
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[05] 




[H6] 
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(51)Int.Cl. ? pi JW<#*> 

//F04B 9/00 H01L 41/0g R 

02>w»# wn m> (72)wm mm mm 

mmsKfirFmtmmi&m mmmwm its i*m 

F^— 3G066 M07 AB02 AC09 AD12 BAOO 

CC05U CD26 CE27 CE29 
3H075 AA03 CC25 DB02 EE12 



a. 



